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INTRODUCTION 

Cobalt-based catalysts are highly investigated for Fischer-Tropsch syn- 
thesis: they are highly active, selective for linear hydrocarbons, scarcely 
active for the competing water-gas shift reaction; their price is quite low, 
compared to noble metals (1). 



ence ot the support on the specific 
activity and the methane and C$+ hy- 
drocarbons selectivity can be ne- 
glected. According to these authors 
(3) the reaction is insensitive to the 
structure of cobalt respectively its 
dispersion. 



Moreover, the nature of the co- 
balt precursor has a large influence 
on the reducibility of coba It and on its 
activity and selectivity. Niemela et al. 
(5) reported the following order in 
activity for 5% Co/SiC* C02CO8 > 
Co(N03)2 > Co(CH3COO)2, but Co- 



baltfU) nitrate seems to be the best 
precursor for high activity and long 
chain hydrocarbon formation. 

In the present work, an extensive 
study of different preparation meth- 
ods for Co/SiOj catalysts is reported. 
In addition to the conventional im- 
pregnation, other more innovative 
methods are tested together with the 
sol-gel process which is now largely 
used especially for the synthesis of 
silica gel (6, 7). This process would 
allow to master the specific surface 
area, the porosity and particle size of 
the sample (8, 9). 

All the prepared samples have 
been fully characterized and tested in 
a bench scale fixed bed reactor. 

EXPERIMENTAL 
Sample Preparation 

Five different preparation meth- 
ods were used in this paper. All the 
catalysts were prepared using the 
same kind of silica (by Aldrjch, sur- 
face area 520 m 2 /g) and the same 
precursor: cobalt nitrate hexahydrate 
(Fluka). 

The firs t method was the classical 
incipient wetness impregnation 
(sample named CS, "classical sam- 
ple"). The support was impregnated 
with an aqueous solution of cobalt 
nitrate hexahydrate in a single step 
followed by a calcination-reduction 
in pure flowing hydrogen (99.99% 
purity grade), at 375X for 16 hr (flow 
rate « SO ml Hi/mm). The reduction 
schedule included a temperature 
ramp of 3*C/min (from room tem- 
perature) with half-hour holds at 
100T to facilitate water removal and 
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a 1 200* C to ensure controlled ni- 
trate decomposition. 

The second method was the 
ammonia one as described by 
Barbier et al. (10) (sample 
named AS "ammonia sample"). 
The precursor was added to a 
suitable amount of water at 
room temperature and stirred 
by a magnetic rod; to prevent 
Co + oxidation dissolved oxy- 
gen was removed by boiling the 
water and the system was protected 
from air by an argon blanket. A solu- 
tion of ammonia was poured in the 
solution bringing about the precipita- 
tion of Co(OH)2 (this precipitate is 
dissolved by a large excess of ammo- 
nia). The support was then added to 
the solution and its pH reached an 
equilibrium value near 12.0 after stir- 
ring 1 h. After equilibrium, the sys- 
tem was stirred for one additional 
hour, then centrifuged and washed 
five times. Finally it was dried in a 
vacuum oven at 80'C overnight and 
reduced into flowing hydrogen fol- 
lowing the 9teps described for sample 
CS. 

Ultrasound (US) was used for the 
third and fourth preparation meth- 
ods to improve the metal dispersion 

(1U2). 

In the third preparation (sample 
named CRUS "classical reduced with 
US sample"), the impregnation was 
performed as for CS, but before re- 
ducing the catalyst in flowing hydro- 
gen, the sample was added to a 
solution of pure hydrazine at 80* C 
and here left under sonicahon (20 
kHZ) for 15 min as described in (12). 

In the forth method (sample 
named US5 "Ultrasound sample") the 
aqueous solution of cobalt nitrate 
was directly added to the silica under 
sonication (20 kHz) for 1 h at room 
temperature and then reduced in 
flowing hydrogen following the steps 
described for CS. 

Sample 5 (named SGS "sol-gel 
sample") was prepared via sol-gel: 
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cobalt nitrate hexahydrate is dis- 
solved in dry THF, then TMOS and 
water were added and the homoge- 
neous sol was transferred in a vessel 
sui table for the evaporation of the sol- 
vent and the gelation. The obtained 
gel was then dried in vacuo at room 
temperature and finally reduced in 
flowing hydrogen at 350* C for 12 hr 
(13). 

All the samples contained 5 wt.% 
Co as confirmed by 1CP-AES meas- 
urements (Table 1). 

BET - The N2 (99.9995% purity) 
adsorption isotherms were obtained 
using a Sorptomatic 1900 apparatus 
(Fisons Instruments), by a static volu- 
metric technique. The analysis was 
controlled by microcomputer proc- 
essing using MILES-200 and 
MILEADP software for computa- 

H2 - Chemisorption - Metal disper- 
sions (Dm) were measured by single- 
introduction-back sorption coupled 



1 methods on the basis of irre- 
| versibly adsorbed hydrogen, 
| as described elsewhere (14, 
! 15), The samples were pre- 
| treated at 350* for 4 h in flow- 
I ing H2 (30 ml/mln), 
[ outgasswd at me same tem- 
| perature for 16 h. H2-uptake 
; was performed at 125' C 

| TPR - The experiments 
| were performed using a 
TPR/O (Thermo Quest 
Italia). The samples were initially 
dried under nitrogen at 120' C for 1 h. 
After cooling to room temperature, a 
reducing gas mixture (10 vol.7» 
H2/N2) was introduced at a flow rate 
of 30 ml/min. The temperature was 
increased to 700" C at a rate of 
10*C/min. The H2 consumption was 
detected by a TCD (Thermal Conduc- 
tivity Detector) and recorded as func- 
tion of temperature. 



Reaction tests were performed In 
a stainless steel tubular reactor, in- 
side coated with copper, especially 
designed for Fischer-Tropsch synthe- 
sis of hydrocarbons (C n : n < 15), de- 
scribed elsewhere (16). The reaction 
was carried out with a mixture of 
high purity CO and H 2 (SIAD); the 
H2/CO ratio of the inlet mixture was 
2. The catalysts (always 1 g of fresh 
sample for each run) were tested four 
days long at 548 K, 500 kPa and a 
space velocity (S.V.) of 9.0xl0" 2 
mmolCO/(mmolCos); hydrocar- 
bons products were analyzed on-line 
by gas-chrornatography (16). 
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Since CO is the only detectable 
reagent, the mass balance calculation 
is based on carbon, presuming that 
the amount entering the reactor is 
equal to the amount exiting There- 
fore, conversion is easily calculated 
by considering the total number of 
CO unreacted moles by the number 
of moles of carbon-containing species 
found at the exit. 



RESULTS AND 
DISCUSSION 

Data on metal dispersion 
and surface area are summa- 
rized in Table 1. It is possible 
to observe a large difference in 
Dm data changing the cata- 
lysts preparation method. 

Moreover a drastic 
change of the BET surface area 
of the support is reported 
when the samples are treated 
with US. 

CO conversion (a mean 
value on four working days), 
selectivities and turnover fre- 
quency (TOF) for all catalyst 
samples are reported in Table 
2. TOFs were calculated using 
estimated site concentration 
provided by hydrogen chemi- 
sorption measurements (TOF 
= (S.V. x CO conversion)/ 
Dm). 



No activity was shown by SGS as 
already reported by Okabe et aL (17). 
In such a catalyst most of the Co par- 
ticles might be occluded in the SiQj 
matrix and the activation was very 
difficult The negligible amount of 
chemisorbed H2 on the catalyst corre- 
sponded to its low activity. 





A pre-activation of the sample in 
air for one night at 573 K did not give 
any positive results (see Table 2). 

These results are also in agree- 
ment with the TPR analysis which 
shows no hydrogen consumption 
and thus no reduction of the cobalt 
sites (Figure 2). 

The best catalytic performance is 
shown by USS (sample prepared us- 
ing US during the impregnation) 
with bom the best CO conversion and 
the lowest CH4 production. This sam- 
ple also shows me lowest decrease of 
CO conversion vs. time (Figure 1). On 
the contrary both CRUS and CS deac- 
tivate rapidly with a Joss in the con- 
version > 35% in only four working 
days. 

The catalytic behavior of all the 
are well in agreement with 
TPR measurements (Figure 2): USS 
sample shows the highest amount of 
hydrogen consumption in the lowest 
temperature range which 
means a good Co redutibility 
at a low temperature coupled 
with a high metal dispersion 
(Table 1). 



CONCLUSIONS 

Interesting differences, 
whether as CO conversion, or 
selectivity or even deactiva- 
tion, were obtained in the cata- 
lytic performance of Co/Si02 
samples changing the prepara- 
tion methods. 

The sample prepared us- 
ing ultrasound during the first 
step of the preparation (USS) 
seems to be the best catalyst 
showing the highest CO con- 
version coupled with the low- 
est Ci production and a good 
stability. It is interesting to ob- 
serve that this catalyst shows 
the lowest TOF, but the highest 
Dm coupled with the lowest 
BET surface area in compari- 
son to all the other samples 
(Table land 2). 
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